eAppendix. Methods and References
Mixed-Effects Regression Analysis
We used mixed-effects regression models for 3 reasons. First, these models explicitly tie together repeated measurements from the same clusters, making them better suited to cluster randomized cross-over trials than, say, generalized estimating equations. 5, 6 Second, these rotations readily allow quantifications of adjustments made for the interrelatedness among members of a grouping. These quantificationsexpressed as intraclass correlation coefficients (see below)-are essential for designing future studies. 7 Third, unlike fixed-effect models andmodels that aggregate measurements from members of groupings, these models allow retention of members' characteristics; these characteristics canthen be incorporated in the analysis. 8 When mixed-effects models are generalized to discrete outcomes, however, the estimated coefficients represent average groupings not averages across groupings. Put differently, they are "subject-specific"rather than "populationaveraged" estimates.
9, 10, 11 Yet the latter is a more standard interpretation.We therefore"marginalized" the estimated coefficients from our ordinal models so that our estimates reflect the average effect across attending physicians rather than the effect for an average physician.
12, 13,14

Model Specification
The "clusters" in our cluster-randomized cross-over trial were attending physicians. Yet our data structure contained other groupings. 15 We accounted for these multiple groupings in4 ways. First, since our focus was on how change in rotation duration affected outcomes within attending physicians, we selected fixedeffects for our models that varied within attending physicians over the year-long study. These were firm (A, B, or C-represented by 2 "dummy-coded" variables), admitting group (red, yellow, blue, or green-represented by 3 "dummy-coded" variables), cross-over period (represented by a curvilinear trend 5 ), androtation duration. We used 2 orthogonal Helmert contrasts 16 to isolate the effect of duration among 3 potential rotation types: a 4-week rotation, a 2-week rotation scheduled in the first-half of a cross-over period, and a 2-week rotation scheduled in the second-half of a cross-over period. While 1 of the Helmert contrasts represented the duration effect (2-vs 4-week), the other adjusted for whether a2-week rotation was scheduled in the first-or second-half of cross-over period. We used group-mean centered and group-mean versions of the duration contrast (using attending physicians as the groups)to account for differing associations within-and between-attending physician. 17, 18, 19 The focus of our study was the group-mean centered duration contrast.
Second, we accounted for memberships in various groupings by adding random-effects to represent members' unique contributions to outcomes (eFigure). In all cases, our random-effects were random-intercepts, which did not vary dynamically with other variables.
Third, we used crossed random-effects to account for cross-classifications. 20 Cross-classifications occurred when units of analysis were not hierarchically nested within a single grouping but were instead simultaneously crossclassified into 2 groupings. For example, discharges (the unit of analysis for the primary outcome of 30-day unplanned revisits) were classified both by patient (because some patients had multiple discharges throughout the year-long study) and by rotation (because all patients discharged from the same rotation likely have interrelatedness to account for). Multiplicative crossed random-effects were used for patient outcomes, while additive crossed random-effects were used for trainee evaluations; multiplicative versions are generally not considered unless samples sizes are large. 21 In addition, we added multiple membership weights to our length of stay model, because the last uninterrupted stay on the general medicine service (the unit of analysis for this model) are often not nested within a single rotation but span across multiple rotations. 22 Finally, for our primary outcome of 30-day unplanned revisits we added patient-level fixed-effects that have been associated with readmission 23 to adjust for potential imbalances between patients from different rotations, because randomization occurred by attending physician, not patient.
15,24 These fixed-effects reflect patients' demography (age, sex, race, ethnicity, insurance status, zip-code based median household income), social support (marital status), and health care utilization (number of admissions in the last year, current admission length of stay). We did not include discharge diagnoses as fixed effects, because these data were not available.
Model Estimation Procedures
We used Markov chain Monte Carlo (MCMC) procedures of estimation. 25 With non-informative priors these procedures are numerically equivalent to those based on maximum likelihood. 19, 25, 26, 27 For this present study, a major benefit of these procedures over those based on maximum likelihood is that they readily handle both crossed random-effects 20,28 and discrete outcomes. 29, 30 Nevertheless, to confirm that the proportional odds assumption held for our ordinal models with the standard likelihood ratio test, 31 we used full maximum likelihood procedures of estimation (using the gllamm command in Stata 12, StataCorp, College Station, Texas) 32 with simplified models that did not includecrossed random-effects.
Intraclass Correlation Coefficients
To estimate the homogeneity among members of a grouping we generated models with onlythe relevant random-intercepts (and no fixed-effects) to estimateintraclass correlation coefficients(eTable5). These are the proportions of variance in outcomes that are due to the relatedness amongmembers of a grouping. 9 Rate the educational quality of this attending physician's rounds.
10 Rate this attending physician's emphasis on education.
Items used a 9-point response scale from -2 to +6, including 0, with 3 anchors: "poor" at -2, "average" at 0, and "outstanding" at +6. Each item included an option of "no interaction" that was coded as missing in analysis. 2 I feel used up at the end of the workday.
3 I feel fatigued when I get up in the morning and have to face another day on the job.
4 Working with people all day is really a strain for me.
5 I feel burned out from my work.
6 I feel frustrated by my job.
7 I feel I'm working too hard on my job.
8 Working with people directly puts too much stress on me. ii Occasionally I am under stress, and I don't always have as much energy as I once did, but I don't' feel burned out.
iii I am definitely burning out and have one or more symptoms of burnout, such as physical and emotional exhaustion.
iv The symptoms of burnout that I'm experiencing won't go away. I think about frustrations at work a lot.
v I feel completely burned out and often wonder if I can go on. I am at the point where I man need some changes or may need to seek some sort of help.
11 Over the last rotation, how much control did you have over determining your patients' length of hospital stay?
12 Over the last rotation, how much control did you have over details of your day-to-day work schedule? Items 1 through 9 compose the emotional exhaustion domain of the Maslach Burnout Inventory Human Services Survey. 35 We used the 8-point intensity response scale that ranges from 0 to 7 with 4 anchors: "never" at 0; "very mild, barely noticeable" at 1; "moderate" at 4; and "very strong, major" at 7. 36 Item 10 is a single-item summary of burnout from the National Job Burnout Survey. 37 A score of 3 or higher represents burnout. 38, 39 Items 11 through 18 are from the Minimizing Error, Maximizing Outcome Study. 40 They used a 4 point response scale from 1 to 4 with 4 anchors: "slight/none" at 1; "some" at 2; "moderate" at 3; and "great" at 4. All items were reverse coded in the analysis to reflect inadequate, rather than sufficient, workplace control. Items 19 through 22 compose the 4-item version of the Perceived Stress Scale. 41 They used a 5-point response scale from 0 to 4 with 5 anchors: "never" at 0, "almost never" at 1, "sometimes" at 2, "fairly often" at 3, and "very often" at 4. Items 20 and 21 were reverse coded in the analysis to reflect worsened stress with higher response scores. b For a rotation staffed by an outpatient-oriented attending physician, the washout criterion was the sum of the preceding rotation duration plus half of the index rotation duration. For inpatient-oriented attending physicians, the washout criterion was 2 weeks regardless of rotation type.
c In addition to the inpatient general medicine service, other inpatient services staffed by study attending physicians included the short stay unit, the HIV service, and the medical intensive care unit.
d The denominator for these proportions is 624 weeks: 12 teams' worth of the inpatient general medicine service during the yearlong study.
e The 12 teams which comprised the general medicine service were grouped into 3 firms (A, B, and C). Each firm had 4 admitting groups (red, yellow, blue, and green), 1for each day of a 4-day admission cycle. Hospitalizations are listed as the units of analysis for simplicity. More specifically, the units of analysis for the patient length of stay outcome were patients' last, uninterrupted stays on the general medicine service until discharge.
